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Description
[Technical Field]

[0001] The presentinvention relatestoa magneticfield
formation device forming a magnetic field at a predeter-
mined region, a power-supplying device, a power-receiv-
ing device, a power receiving/supplying device, and a
mobile device.

[Background]

[0002] A structure of wireless power transmission from
a power feeding coil to a power-receiving coil by electro-
magnetic induction or magnetic field resonance has been
proposed (e.g., Patent Literature 1 and Patent Literature
2).

[Citation List]
[Patent Literature]
[0003]

[Patent Literature 1] Japanese Unexamined Patent
Publication No. 2015-144508
[Patent Literature 2] Japanese Unexamined Patent
Publication No. 2013-240260

[Summary of Invention]
[Technical Problem]

[0004] Inregardtotheabove,the knownarrangements
were done focusing on effects such as improvement in
power transmission efficiency based on power transmis-
sion, and there have been no arrangements based on
formation of a magnetic field at a predetermined region.
[0005] An object of the present invention is to provide
amagnetic field formation device forming a magneticfield
at a predetermined region, a power-supplying device, a
power-receiving device, a power receiving/supplying de-
vice, and a mobile device.

[Solution to Problem]

[0006] The presentinvention relatestoa magneticfield
formation device including a power supplying resonator
including a plurality of coil pieces generating a variable
magnetic field and a power-supplying coil which is pro-
vided to generate an induced current for at least one of
the coil pieces, coil ends of two or more of the coil pieces
being connected to each other.

[0007] According to this arrangement, a variable mag-
netic field with high magnetic field strength or low mag-
netic field strength can be formed at a part of a predeter-
mined region by only changing the coil winding direction
without changing the layout of the power supplying res-
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onator, by switching the connection relationship of one
coil end and the other coil end between the coil pieces
having the coil ends connected to each other.

[0008] The magnetic field formation device of the
present invention may further include a connection
switcher which is provided between the coil pieces having
the coil ends connected to one another and is capable
of switching the coil ends of the coil pieces between a
forward connection state and a reverse connection state.
[0009] According tothis arrangement, one coil end and
the other coil end of the coil piece can be easily switched
only by operating the connection switcher. As a result, it
is possible to change only the coil winding direction with-
out changing the layout of the power supplying resonator.
[0010] The magnetic field formation device of the
present invention may further include a switching con-
troller which controls the connection switcher to alter-
nately switch the coil ends between the forward connec-
tion state and the reverse connection state.

[0011] According to this arrangement, as the coil wind-
ing direction is alternately changed, it is possible to gen-
erate a magnetic field with magnetic field strength which
is an average between the magnetic field strength distri-
bution in the forward connection state and the magnetic
field strength distribution in the reverse connection state.
[0012] The present invention relates to a power-sup-
plying device including the above-described magnetic
field formation device.

[0013] The presentinventionrelatesto a power-receiv-
ing device including a power-receiving mechanism which
is configured to receive power by a variable magnetic
field generated at a predetermined region by the above-
described magnetic field formation device.

[0014] The presentinvention relates to a power receiv-
ing/supplying device including: a power-supplying device
including the above-described magnetic field formation
device; and a power-receiving device including a power-
receiving mechanism which is configured to receive pow-
er by the variable magnetic field generated by the power-
supplying device.

[0015] The presentinvention relates to a mobile device
including a power-receiving mechanism which is config-
ured to receive power by a variable magnetic field gen-
erated ata predetermined region by the above-described
magnetic field formation device.

[Advantageous Effects of Invention]

[0016] According to the present invention, a magnetic
field which is partially a variable magnetic field with high
or low magnetic field strength can be formed at the pre-
determined region.

[Brief Description of Drawings]

[0017]

[FIG. 1] FIG. 1 is a schematic explanatory diagram
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of a magnetic field formation device.

[FIG. 2A] FIG. 2A illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2B] FIG. 2B illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2C] FIG. 2C illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2D] FIG. 2D illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2E] FIG. 2E illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2F] FIG. 2F illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2G] FIG. 2G illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 2H] FIG. 2H illustrates a connection relation
between a power-supplying coil and aresonance ca-
pacitor.

[FIG. 3] FIG. 3 is a schematic explanatory diagram
of a magnetic field formation device.

[FIG. 4] FIG. 4 is a schematic explanatory diagram
of a magnetic field formation device in a front view.
[FIG. 5] FIG. 5 is a schematic explanatory diagram
of a magnetic field formation device in a front view.
[FIG. 6] FIG. 6 is a schematic explanatory diagram
of a magnetic field formation device in a front view.
[FIG. 7] FIG. 7 is a schematic explanatory diagram
of a magnetic field formation device in a front view.
[FIG. 8] FIG. 8 is a schematic explanatory diagram
of a magnetic field formation device in a plan view.
[FIG. 9] FIG. 9 is a schematic explanatory diagram
of a magnetic field formation device in a plan view.
[FIG. 10] FIG. 10 is a block diagram of a magnetic
field formation device.

[FIG. 11] FIG. 11 illustrates operations of a current
path switching control unit.

[FIG. 12] FIG. 12 is a block diagram of a power re-
ceiving/supplying device.

[FIG. 13] FIG. 13 is a block diagram of a driving de-
vice.

[Description of Embodiments]

[0018] The following will describe an embodiment of
the present invention with reference to drawings.

(Magnetic Field Formation Device)
[0019] As shown in FIG. 1, a magnetic field formation

device 101 includes a power supplying resonator 122
including a plurality of coil pieces 1221 and 1222 gener-
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ating a variable magnetic field and a power-supplying
coil 111 which is provided to generate aninduced current
for at least one of the coil pieces 1221 and 1222, and coil
ends of two or more of the coil pieces 1221 and 1222 are
connected to each other.

[0020] A resonance capacitor 151 is provided on at
least one of a first current path 141 on one coil end side
and a second current path 142 on the other coil end side
ofthe power-supplying coil 111. The resonance capacitor
151 is provided on the first current path 141 or the second
current path 142 to be in series with or parallel to one of
the power-supplying coil 111. Furthermore, the power
supplying resonator 122 includes a resonance capacitor
151 which is connected in series with and/or parallel to
the coil pieces 1221 and 1222.

[0021] Specific examples of the connection states of
the resonance capacitor 151 with the power-supplying
coil 111 are shown in FIG. 2A to FIG. 2H. The same
connection states are applicable to the power supplying
resonator 122.

[0022] FIG. 2A shows a state in which a resonance
capacitor 151 is connected in series at a part of the first
current path 141, which is between the end portion 141a
of the first current path 141 and the coil end of the power-
supplying coil 111. FIG. 2B shows a state in which two
resonance capacitors 151 are connected in series on the
first current path 141. FIG. 2C shows a state in which
resonance capacitors 151 are connected in series on the
first current path 141 and the second current path 142,
respectively.

[0023] FIG. 2D shows a state in which two resonance
capacitors 151 provided in a parallel manner are con-
nected in series on the first current path 141. FIG. 2E
shows a state in which two resonance capacitors 151
provided in a parallel manner are connected in series on
the first current path 141 whereas a resonance capacitor
151 is connected in series on the second current path
142. FIG. 2F shows a state in which two resonance ca-
pacitors 151 provided in a parallel manner are connected
in series on the first current path 141 whereas two reso-
nance capacitors 151 provided in a parallel manner are
connected in series on the second current path 142.
[0024] FIG. 2G shows a state in which a resonance
capacitor 151 is connected to the first current path 141
and the second current path 142 to be parallel to the
power-supplying coil 111. FIG. 2H shows a state in which
a resonance capacitor 151 is connected to the first cur-
rent path 141 and the second current path 142 to be
parallel to the power-supplying coil 111, and aresonance
capacitor 151 is connected in series on the first current
path 141. The connection states shownin FIG. 2Ato FIG.
2H are examples, and the number, the series connection,
the parallel connection, and the locations of the reso-
nance capacitors 151 may be suitably selected and com-
bined.

[0025] To be more specific, the magnetic field forma-
tion device 101 includes the power supplying resonator
122 and the power-supplying coil 111. Furthermore, the
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power supplying resonator 122 includes the above-de-
scribed resonance capacitor 151 and the coil pieces 1221
and 1222 having coil terminals connected to one another.
The power-supplying coil 111 is provided to face the coil
piece 1221. The power-supplying coil 111 is connected
to an oscillator 1312 outputting a variable current, via the
first current path 141 and the second current path 142.
With this arrangement, when the variable current from
the oscillator 1312 is supplied to the power-supplying coil
111, the power-supplying coil 111 supplies a variable
magnetic field to the coil piece 1221 and an induced cur-
rent generated by electromagnetic induction flows in the
coil piece 1221. This induced current flows in the other
coil piece 1222 connected to the coil piece 1221, too. As
a result, each of the coil pieces 1221 and 1222 of the
power supplying resonator 122 generates a variable
magnetic field.

[0026] At this stage, because the coil ends of the coil
pieces 1221 and 1222 are connected to one another, it
is possible to change the coil winding direction without
changing the layout of the power supplying resonator 122
including the coil pieces 1221 and 1222, by switching the
connection relationship of one coil end and the other coil
end between the coil pieces 1221 and 1222. In this way,
avariable magneticfield with high magnetic field strength
or low magnetic field strength can be formed at a part of
the predetermined region by changing the connection
relationship of coil ends of each of the coil pieces 1221
and 1222.

[0027] In addition to the above, in the magnetic field
formation device 101, variable magnetic fields are gen-
eratable from all coil pieces 1221 and 1222 even if the
number of the power-supplying coil 111 is smaller than
that of the coil pieces 1221 and 1222. On this account,
component cost regarding the power-supplying coil 111
is reduced as compared to cases where variable mag-
netic fields are generated by the power-supplying coils
111, the number of which is identical with the number of
the coil pieces 1221 and 1222. Furthermore, even if the
power-supplying coil 111 is disposed to supply a mag-
netic field only to a particular one of the coil pieces 1221
and 1222, the magnetic field is supplied to all of the cail
pieces 1221 and 1222. It is therefore possible to improve
the degree of freedom in the layout of the coil pieces
1221 and 1222 (power supplying resonator 122) and the
power-supplying coil 111.

[0028] AsshowninFIG. 3, the magnetic field formation
device 101 may include a connection switcher 16 which
is provided between the coil pieces 1221, 1222, and 1223
connected in series and is capable of switching the coil
ends of the coil pieces 1221, 1222, and 1223 between a
forward connection state and a reverse connection state.
In this case, one coil end and the other coil end of each
ofthe coil pieces 1221, 1222, 1223 can be easily switched
only by operating the connection switcher 16.

[0029] The magnetic field formation device 101 may
include a current path switching control unit 17 (switching
controller) which controls the connection switcher 16 for
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alternately switching the coil ends between the forward
connection state and the reverse connection state. In this
case, as the coil winding direction is alternately and re-
peatedly changed, it is possible to generate a magnetic
field with magnetic field strength which is an average
between the magnetic field strength distribution in the
forward connection state and the magnetic field strength
distribution in the reverse connection state.

[0030] As shown in FIG. 4, all of the coil pieces 1221
and 1222 are provided so that coil surfaces 1221a and
1222a oppose the predetermined region A, and at least
one of the coil pieces 1221 and 1222 is provided to have
a coil surface direction intersecting with the coil surface
direction of the other one of the coil pieces 1221 and
1222. The coil surface direction is a direction in parallel
to a coil surface. Alternatively, at least one of the coil
pieces 1221 and 1222 may be provided to have a coil
surface direction parallel to the coil surface direction of
the other one of the coil pieces 1221 and 1222.

[0031] In the magnetic field formation device 101 ar-
ranged as described above, a variable magnetic field can
be generated at the predetermined region A which is par-
tially covered with the coil surfaces 1221a and 1222a of
the coil pieces 1221 and 1222. In this way, a variable
magnetic field with high magnetic field strength or low
magnetic field strength can be formed at a part of the
predetermined region A by adjusting the angles, loca-
tions, etc. of the coil surfaces 1221a and 1222a of the
coil pieces 1221 and 1222 of the power supplying reso-
nator 122 .

[0032] The "variable magnetic field" indicates one of
(1) a magnetic field in a state in which the direction of the
magnetic lines of force alternately changes between the
forward direction and the reverse direction, (2) a mag-
netic field in a state in which the magnetic field strength
changes while the direction of the magnetic lines of force
is the forward direction, (3) a magnetic field in a state in
which the magnetic field strength changes while the di-
rection of the magnetic lines of force is the reverse direc-
tion, and (4) a magnetic field in a state in which two or
more of the states (1) to (3) are combined.

[0033] The "predetermined region A" may be of any
size or shape. The predetermined region A is a reverse
frustum in shape, in which the lower face is smaller in
diameter than the upper face. The reverse frustum shape
may be a reverse circular frustum shape, a reverse
square frustum shape, or an N-sided frustum shape.
While in the present embodiment the predetermined re-
gion A is reverse frustum in shape, the disclosure is not
limited to this arrangement. In other words, as shown in
FIG. 5, the inclination angle of at least one side face may
be different from the inclination angles of the remaining
side faces in the predetermined region A, or the prede-
termined region A may be a frustum in which the lower
face is larger in diameter than the upper face as shown
in FIG. 6. The predetermined region A may be sized and
shaped to correspond to an object provided in the vari-
able magnetic field, or may be sized and shaped to cor-
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respond to areceiving space such as a container, a hous-
ing box, a room, etc. in which the object is housed. The
"predetermined region A: may be a hexahedron such as
arectangular parallelepiped body, a cube, or a triangular
prism.

[0034] An example of the "object" is a driving device
including a power-receiving device to which power is sup-
plied by a variable magnetic field. The driving device en-
compasses all types of devices driven by electric power.
Examples are a mobile device, a home electric appliance,
and an automobile.

(MagneticField Formation Device: Power-Supplying Coil
and Power Supplying Resonator)

[0035] The "power-supplying coils" are of a spiral type,
a solenoid type, or a loop type, for example, and are coils
which generate an induced current at a power supplying
resonator on account of an externally-supplied variable
current. Meanwhile, the coil pieces 1221 and 1222 of the
"power supplying resonator" are of a spiral type, a sole-
noid type, or a loop type, for example, and are coils in
each of which the ends of each of the coil pieces 1221
and 1222 are directly connected (short-circuited) to each
other via a current path or indirectly connected (short-
circuited) to each other by a current path and a GND and
the like. When an induced current is supplied, the power
supplying resonator generates a variable magnetic field
at the predetermined region A opposing the coil surface
1221aand 1222a and generates a variable magneticfield
at a region opposite to the predetermined region A over
the power supplying resonator 121.

[0036] The "variable current"indicates one of (1) a cur-
rent which alternately varies to the positive side and the
negative side over 0 ampere, (2) a current which varies
on the positive side, (3) a current which varies on the
negative side, and (4) a current in a state in which two
or more of the states (1) to (3) are combined.

[0037] All of the coil pieces of the power supplying res-
onator are provided so that coil surfaces oppose the pre-
determined region, and at least one of the coil pieces is
provided to have a coil surface direction intersecting with
the coil surface direction of the other one of the coil piec-
es. For example, in case of the magnetic field formation
device 101, 101A including the predetermined region A
as shown in FIG. 4 and FIG. 5, the coil surfaces 1221a
and 1222a of the coil pieces 1221 and 1222 are disposed
to oppose the side faces of the predetermined region A,
and hence the coil surface directions of the coil pieces
1221 and 1222 intersect with each other at a location
below the predetermined region A.

[0038] Meanwhile, in case of the magnetic field forma-
tion device 101B including the predetermined region A
as shown in FIG. 6, the coil surfaces 1221a and 1222a
of the coil pieces 1221 and 1222 are disposed to oppose
the side faces of the predetermined region A and the coil
surface 1223a of the coil piece 1223 is disposed to op-
pose the bottom surface of the predetermined region A,
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and hence the coil surface directions of the coil pieces
1221 and 1222 intersect with each other at a location
above the predetermined region A.

[0039] As shown in FIG. 7, a magnetic field formation
device 101C may be arranged such that plural, e.g., three
coil pieces 1221, 1222, and 1223 are disposed to form
a flat plate. In other words, in the power supplying reso-
nator 122, the coil pieces 1221, 1222, and 1223 may be
arranged so that the coil surfaces 1221a, 1222a, and
1223a of the coil pieces 1221, 1222, and 1223 are on
the same plane. In this case, the size and shape of the
predetermined region A in the planar direction can be
arbitrarily set by increasing the number of the coil pieces
1221,1222, and 1223 provided. The disposition direction
may be a horizontal direction, a vertical direction, or a
direction inclined with respect to the vertical direction or
the horizontal direction.

[0040] Alternatively, for example, as shown in FIG. 8,
the power supplying resonator 122 may be arranged
such that, when viewed from a point above the predeter-
mined region A, three coil pieces 1221, 1222, and 1224
may be provided along the respective sides of an equi-
lateral triangle which is centered at the predetermined
region A. Alternatively, for example, as shown in FIG. 9,
the power supplying resonator 122 may be arranged
such that, when viewed from a point above the predeter-
mined region A, three coil pieces 1221, 1222, 1223, and
1224 may be provided along the respective sides of a
square which is centered at the predetermined region A.
In each of these cases, the state of the end face cut along
the X-X line in FIG. 8 corresponds to the positional rela-
tion between the coil pieces 1221 and 1222 of the power
supplying resonator 122 shown in FIG. 4.

(Magnetic Field Formation Device: Oscillation Controller)

[0041] As shown in FIG. 10, the magnetic field forma-
tion device 101 structured as above includes an oscilla-
tion controller 131. While a magnetic field formation de-
vice 101 in which a power supplying resonator 122 in-
cludes three coil pieces 1221, 1222, and 1223 will be
described below, the disclosure is not limited to this ar-
rangement.

[0042] The oscillation controller 131 includes the os-
cillator 1312 configured to output a variable current to
the power-supplying coil 111, three connection switchers
16 provided to correspond to the respective coil pieces
1221, 1222, and 1223, and the current path switching
control unit 17 configured to control the switching oper-
ation of each connection switcher 16.

(Magnetic Field Formation Device: Oscillation Controller:
Oscillator)

[0043] The oscillator 1312 is capable of outputting a
variable current with any oscillating frequency. The os-
cillating frequency of the oscillator 1312 is preferably
changeable to allow for the use of various types of mag-
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netic field formation devices 101. Furthermore, each of
the oscillating frequency, the voltage, and the current of
the oscillator 1312 may be changeable in accordance
with the specification of the power-supplying coil 111
which is the output target.

(Magnetic Field Formation Device: Oscillation Controller:
Connection Switcher)

[0044] As shown in FIG. 3, the connection switchers
16 are provided between the coil pieces 1221, 1222, and
1223 connected in series and are capable of switching
the coil ends of the coil pieces 1221, 1222, 1223 between
a forward connection state and a reverse connection
state. To be more specific, each connection switcher 16
includes a first switch 161 with 1 input and 2 outputs and
a second switch 162 with 1 input and 2 outputs. The first
switch 161 and the second switch 162 are operated by
a control signal from the current path switching control
unit 17, and are arranged such that a forward connection
state in which aninput terminal 162c of the second switch
162 is connected to a first output terminal 162a is estab-
lished in a forward connection state in which the input
terminal 161c of the first switch 161 is connected to the
first output terminal 161a, whereas a reverse connection
state in which the input terminal 162c of the second switch
162 is connected to a second output terminal 162b is
established in a reverse connection state in which the
input terminal 162c of the first switch 161 is connected
to the second output terminal 161b.

[0045] The first output terminal 161a of the first switch
161 is connected to the second output terminal 162b of
the second switch 162. The second output terminal 161b
of the first switch 161 is connected to the first output ter-
minal 161a of the second switch 162. With this arrange-
ment, when the input terminals 161c and 162c of the first
switch 161 and the second switch 162 are connected to
the respective first output terminals 161a and 162a, the
input terminal 161c of the first switch 161 is connected
to the second output terminal 162b which is in the dis-
connected state in the second switch 162, and the input
terminal 162c of the second switch 162 is connected to
the second output terminal 161b which is in the discon-
nected state in the first switch 161. Meanwhile, when the
input terminals 161c and 162c are connected to the re-
spective second output terminals 161b and 162b, the in-
put terminal 161cis connected to the first output terminal
162a which is in the disconnected state and the input
terminal 162c is connected to the first output terminal
161a which is in the disconnected state.

[0046] In each connection switcher 16 arranged as
above, the first output terminal 161a is connected to one
coil end of each of the coil pieces 1221, 1222, and 1223,
and the second output terminal 161b is connected to the
other coil end of each of the coil pieces 1221, 1222, and
1223. Furthermore, in the connection switcher 16, the
input terminals 161c and 162c are connected to each
other so that the coil pieces 1221, 1222, and 1223 are
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connected in series, i.e., the coil ends of the coil pieces
1221 and 1222 are connected to each other, the coil ends
of the coil pieces 1222 and 1223 are connected to each
other, and the coil ends of the coil pieces 1223 and 1221
are connected to each other, and the inputterminals 161¢c
and 162c on the respective end sides are connected to
the GND.

(Magnetic Field Formation Device: Oscillation Controller:
Current Path Switching Control Unit)

[0047] Asshownin FIG. 11, the current path switching
control unit 17 connects the coil pieces 1221, 1222, and
1223 in series in one of eight connection patterns 1 to 8,
by outputting a control signal to each connection switcher
16 and switching the first and second switches 161 and
162 of each connection switcher 16 between a forward
connection state and a reverse connection state.
[0048] To be more specific, when current paths be-
tween the coil pieces 1221, 1222, and 1223 and the con-
nection switchers 16 are a route A, aroute B, and a route
C, there are (1) a connection pattern 1 in which the con-
nection switcher 16 on the route A is in the forward con-
nection and the connection switchers 16 on the routes B
and C are in the reverse connection, (2) a connection
pattern 2 in which the connection switchers 16 on the
routes A and C are in the reverse connection and the
connection switcher 16 on the route B is in the reverse
connection, (3) a connection pattern 3 in which the con-
nection switchers 16 on the routes A and B are in the
reverse connection and the connection switcher 16 on
the route C is in the forward connection, (4) a connection
pattern 4 in which the connection switchers 16 on the
routes A and B are in the forward connection and the
connection switcher 16 on the route C is in the reverse
connection, (5) a connection pattern 5 in which the con-
nection switcher 16 on the route A is in the reverse con-
nection and the connection switchers 16 on the routes B
and C are in the forward connection, (6) a connection
pattern 6 in which the connection switchers 16 of the
routes A and C are in the forward connection and the
connection switcher 16 on the route B is in the reverse
connection, (7) a connection pattern 7 in which the con-
nection switchers 16 on the routes A, B, and C are in the
forward connection, and (8) a connection pattern 8 in
which the connection switchers 16 on the routes A, B,
and C are in the reverse connection and the forward con-
nection. The current path switching control unit 17 is able
to switch a combination selected from these connection
patterns 1 to 8 at any timing.

[0049] The current path switching control unit 17 may
be constituted by a circuit having a programmability such
as a microcomputer and an operation of switching may
executed by software, or may be constituted by a com-
bination of ICs and the switching operation may be exe-
cuted by hardware.
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(Application Example of Magnetic Field Formation De-
vice)

[0050] The following will describe a case where the
magnetic field formation device 101 structured as above
is used in a power-supplying device as shown in FIG. 12.
To put it differently, the following will describe a case
where the magnetic field formation device 101 is mount-
ed on the charger 7 as a power-supplying device and
electric power is supplied in a wireless manner to the
power-receiving module 9 which is a power-receiving de-
vice of the driving device 5 mounted in the charger 7.
[0051] The charger 7 (power-supplying device) on
which the magnetic field formation device 101 is mounted
and the driving device 5 (secondary battery 10, power-
receiving module 9) constitute a power receiving/supply-
ing device 1 or a power receiving/supplying system. To
put it differently, the power receiving/supplying device 1
includes the driving device 5 including the power-receiv-
ing coil mechanism 2 receiving power by a magnetic field
and the charger 7 supplying power to the driving device
5 by wireless transmission.

[0052] In the power receiving/supplying device 1, the
charger 7 and the driving device 5 may be treated in
combination. While the description below deals with a
case where the power-receiving coil mechanism 2 re-
ceives power by magneticfield resonance, the disclosure
is not limited to this arrangement and it may receive pow-
er by electromagnetic induction.

(Application Example of Magnetic Field Formation De-
vice: Charger and Housing Cup)

[0053] The charger 7 includes the housing cup 6 in
which the driving device 5 such as a mobile device in-
cluding a power-receiving device is mounted and the
magnetic field formation device 101 which is configured
to generate a variable magnetic field at the housing re-
gion B of the housing cup 6 to allow the power-receiving
module 9 to receive power irrespective of the direction
and position of the power-receiving module 9. The hous-
ing cup 6 may be arranged such that plural driving de-
vices 5 are simultaneously placed at the housing region
B. To putitdifferently, the housing region B of the housing
cup 6 may have a capacity capable of simultaneously
storing plural driving devices 5.

[0054] The magnetic field formation device 101 is pro-
vided in a casing of the charging case 60 in which the
housing cup 6 is provided. When the magnetic field for-
mation device 101 is employed in the charger 7, the pow-
er supplying resonator 122 functions as the power-sup-
plying resonator 32 whereas the power-supplying coil
111 functions as the power feeding coil 31. A power-
supplying coil mechanism 3 including the power-supply-
ing resonator 32 and the power feeding coil 31 is con-
nected to an oscillation control circuit 81 which is an IC
chip in which the oscillation controller 131 outputting a
variable current is embodied.
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[0055] The oscillation control circuit 81 and the power-
supplying coil mechanism 3 are combined as a power-
supplying module 8 in order to improve the handleability.
The oscillation control circuit 81 is connected to a USB
terminal 61. The USB terminal 61 is connectable to an
unillustrated USB cable of an external device such as a
personal computer provided outside the charger 7, so
that 5V DC power can be supplied from the external de-
vice to the oscillation control circuit 81. Instead of the
USB terminal 61, the charger 7 may be connected to a
home AC power cord, and DC power converted from AC
power by a rectifying circuit and a converter may be sup-
pliable to the oscillation control circuit 81.

(Application Example of Magnetic Field Formation De-
vice: Driving Device)

[0056] Anexample of the driving device 5 charged and
driven by the above-described charger 7 is a mobile de-
vice. The mobile device encompasses a handheld device
which can be carried on a hand and a human-wearable
device which can be worn a human body. Specific ex-
amples of the mobile device include a portable computer
(alaptop PC, a note PC, a tablet PC, or the like), a head-
set, a camera, an audio visual device (a portable music
player, an IC recorder, a portable DVD player, or the like),
acalculator (such as a pocket computer and an electronic
calculator), a game console, a computer peripheral (a
portable printer, a portable scanner, a portable modem,
or the like), a dedicated information device (an electronic
dictionary, an electronic notebook, an electronic book, a
portable data terminal, or the like), a portable communi-
cation terminal, a voice communication terminal (a port-
able phone, a PHS, a satellite phone, a third party radio
system, an amateur radio, a specified low power radio,
a personal radio, a citizen radio, or the like), a data com-
munication terminal (a portable phone, a PHS (a feature
phone and a smart phone), a pager, or the like), a broad-
casting receiver (a television receiver and a radio), a port-
able radio, a portable television receiver, a one-seg re-
ceiver, another type of device (a wristwatch and a pocket
watch), a hearing aid, a handheld GPS, a security buzzer,
a flashlight/pen light, a battery pack, and the like. Exam-
ples ofthe above hearing aid include an ear-hook hearing
aid, an ear hole fitting hearing aid, and a glasses-type
hearing aid. The driving device 5 may be adesktop device
such as a personal computer.

(Application Example of Magnetic Field Formation De-
vice: Driving Device: Power-Receiving Coil Mechanism)

[0057] The driving device 5 includes the power-receiv-
ing coil mechanism 2 which is configured to receive pow-
er by a magnetic field. In addition to the power-receiving
coil mechanism 2, the driving device 5 includes: a power
control circuit 91 to which power is supplied from the pow-
er-receiving coil mechanism 2; and a magnetic member
4. The power-receiving coil mechanism 2, the power con-
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trol circuit 91, and the magnetic member 4 are integrated
as a power-receiving module 9. The power-receiving
module 9 is connected to a secondary battery 10.
[0058] The power-receiving coil mechanism 2 is con-
figured to receive power in such a way that magnetic field
resonance is caused by a variable magnetic field in the
housing region B (predetermined region A). To be more
specific, the power-receiving coil mechanism 2 includes
a power-receiving coil 21 and a power-receiving resona-
tor 22 provided on the inner circumferential side of the
power-receiving coil 21. The "magnetic field resonance"
indicates a resonance phenomenon of synchronization
at a resonance frequency of a variable magnetic field.
Examples of the types of coils used in the power-receiv-
ing coil 21 and the power-receiving resonator 22 include:
a spiral type, a solenoid type, and a loop type. In regard
to the positional relation between the power-receiving
coil 21 and the power-receiving resonator 22, the power-
receiving coil 21 may be provided on the inner circum-
ferential side or the outer circumference side of the pow-
er-receiving resonator 22, or the power-receiving coil 21
and the power-receiving resonator 22 may be provided
not to overlap each other in the radial direction.

[0059] The driving device 5 includes the magnetic
member 4 provided at the power-receiving coil mecha-
nism 2. The magnetic member 4 increases the magnetic
field strength by increasing the mutual inductance of the
power-receiving coil mechanism 2 and increasing the
magnetic flux density. As the magnetic field strength of
the power-receiving coil mechanism 2 is increased by
the magnetic member 4, the charging characteristic is
maintained to be high in the power-receiving coil mech-
anism 2, and power atleastata desired levelis receivable
with an improved degree of freedom in the layout of the
power-receiving coil mechanism 2. The power-receiving
coilmechanism 2 preferably includes the magnetic mem-
ber 4 but may not include the magnetic member 4.
[0060] The magneticmember4 is provided ontheinner
circumferential side of the power-receiving coil mecha-
nism 2. While the positional relation between the power-
receiving coil mechanism 2 and the magnetic member 4
in the axial direction, i.e., the positional relation when
viewed in the direction orthogonal to the axial direction
is not particularly limited, these members are preferably
provided so that the power-receiving coil mechanism 2
is provided at an intermediate portion between one end
side and the other end side of the magnetic member 4.
This "intermediate portion" between one end side and
the other end side of the magnetic member 4 indicates
a part of a region sandwiched between the one end and
the other end, excluding the one end and the other end.
[0061] The positional relation between the power-re-
ceiving coil mechanism 2 and the magnetic member 4 in
the axial direction is further preferably arranged so that
the power-receiving coil mechanism 2 is provided at a
central portion between one end side and the other end
side of the magnetic member 4. The positional relation
between the power-receiving coil mechanism 2 and the
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magnetic member 4 in the axial direction is preferably
arranged such that the charging characteristic of the
magnetic member 4 is not significantly different between
a case where the coil surface 2a of the power-receiving
coil mechanism 2 on one side faces a magnetic field gen-
erating surface 3a of the power-supplying coil mecha-
nism 3 and a case where the coil surface 2b of the power-
receiving coil mechanism 2 on the other side faces the
magnetic field generating surface 3a.

[0062] The power-receiving resonator 22 of the power-
receiving coil mechanism 2 is provided so that the power-
receiving coil 21 is disposed on the outer circumference
side. To be more specific, the power-receiving coil mech-
anism 2 is arranged such that the power-receiving reso-
nator 22 is provided between the power-receiving coil 21
on the outermost circumferential side and the magnetic
member 4 on the innermost circumferential side. While
the positional relation between the power-receiving res-
onator 22 and the power-receiving coil 21 in the axial
direction is not particularly limited, these members are
preferably provided so that the power-receiving coil 21
is provided at an intermediate portion between one end
side and the other end side of the power-receiving res-
onator 22. The positional relation between the power-
receiving resonator 22 and the power-receiving coil 21
in the axial direction is further preferably arranged so that
the power-receiving coil 21 is provided at a central portion
between one end side and the other end side of the pow-
er-receiving resonator 22.

[0063] The magnetic member 4 is made of resin in
which magnetic powder is dispersed. The resin used for
the magnetic member 4 may be thermosetting resin or
thermoplastic resin, and is not particularly limited. Exam-
ples of the thermosetting resin include epoxy resin, phe-
nol resin, melamine resin, vinyl ester resin, cyano ester
resin, maleimide resin, and silicon resin. Examples of the
thermoplastic resin include acrylic resin, vinyl acetate
based resin, and poly vinyl alcohol based resin. The
present example adopts a resin whose main component
is epoxy resin.

[0064] Further, soft magnetic powder is used as the
magnetic powder dispersed in the resin. Examples of the
soft magnetic powder include pure Fe, Fe-Si, Fe-Al-Si
(sendust), Fe-Ni (permalloy), soft ferrites, Fe-base amor-
phous, Co-base amorphous, and Fe-Co (permendur);
however, is not particularly limited. The shape of the mag-
netic member 4 is suitably determined, too.

(Application Example of Power Receiving/Supplying De-
vice: Driving Device: Power Control Circuit)

[0065] The power control circuit 91 is mounted on a
circuit substrate.

[0066] As shown in FIG. 13, the power control circuit
91 has a function of controlling the charging of the sec-
ondary battery 10. The power control circuit 91 may be
a circuit further having a function of controlling the dis-
charging.
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[0067] To be more specific, the power control circuit
91 includes a rectification stabilization unit 911 which is
configured to output DC power by rectifying AC power
supplied from the outside via the power-receiving coil
mechanism 2 outputting the DC power, a charging unit
912 configured to supply the DC power outputted from
the rectification stabilization unit 911 to the secondary
battery 10 at a charging voltage, and a transformation
unit 913 configured to execute a signal process . The
transformation unit 913 is connected to a driving mech-
anism 11 which is driven by the charged power of the
secondary battery 10.

[0068] The rectification stabilization unit 911 is a rec-
tification-stabilization IC, for example. The rectification-
stabilization IC is an IC in which functions such as full
bridge synchronous rectification, voltage conditioning
and wireless power control, and protection from a volt-
age, current, or temperature anomaly are integrated into
one chip. The rectification stabilization unit 911 may not
be provided when the power outputted from the power-
receiving coil mechanism 2 is DC power.

[0069] The charging unit912is an IC (charging circuit)
for a constant current/constant voltage linear charger,
and has functions such as a function of notifying that the
charging current has been reduced to a predetermined
setting value, a function of ending the charging using a
timer, a function of stabilizing the charging current by
means of thermal feedback, and a function of limiting the
chip temperature in a high-power mode orin high ambient
temperatures.

[0070] The transformation unit 913 is a transformer cir-
cuit which functions as a transformation unit performing
signal processing of converting the charged power of the
secondary battery 10 to the driving power for the driving
mechanism 11 and outputting the converted power. As
the transformation unit 913, a linear regulator may be
employed for voltage dropping, or a switching regulator
or a charge pump may be employed for voltage boosting
and voltage dropping. An example of each regulator is
one adopting a semiconductor elements so the current
is switched on and off at a high speed.

[0071] (Application Example of Power Receiving/Sup-
plying Device: Driving Mechanism: Driving Device)
[0072] Examples of the driving mechanism 11 include
a mechanism in which a component converting electric
power to kinetic energy such as a speaker and a motor
is incorporated, a light emitting mechanism or an illumi-
nation mechanismin which acomponentconverting elec-
tric power to optical energy such as an LED light source
and a laser light source is incorporated, and a microcom-
puter. Apart from these mechanisms, any types of mech-
anism driven by electric power may be used as the driving
mechanism 11. The power-receiving coil mechanism 2
is configured to correspond to wireless power supply with
which power supply is carried out in a mechanically con-
tactless state. Examples of the wireless power supply
include electromagnetic induction and magneticfield res-
onance (magnetic resonance).
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(Application Example of Power Receiving/Supplying De-
vice: Driving Device: Secondary Battery)

[0073] As the secondary battery 10, any type of bat-
teries which are chargeable and rechargeable can be
used. Examples of the secondary battery 10 include a
lead storage battery, a valve-regulated lead storage bat-
tery, a lithium ion battery, a lithium ion polymer battery,
a lithium iron phosphate ion battery, a lithium-sulfur bat-
tery, a lithium titanate battery, a nickel-cadmium storage
battery, a nickel-hydrogen rechargeable battery, a nickel-
iron battery, a nickel-lithium battery, a nickel-zinc battery,
a rechargeable alkali battery, a sodium-sulfur battery, a
redox flow battery, a zinc-bromine flow battery, a silicon
battery, and a Silver-Zinc battery. The battery is able to
drive a device longer than the nickel-hydrogen secondary
battery.

[0074] Althoughthe above descriptions have been pro-
vided with regard to the characteristic parts so as to un-
derstand the invention more easily, the invention is not
limited to the embodiment as described above and can
be applied to the other embodiments and the applicable
scope should be construed as broadly as possible. Fur-
thermore, the terms and phraseology used in the speci-
fication have been used to correctly illustrate the present
invention, not to limit it. In addition, it will be understood
by those skilled in the art that the other structures, sys-
tems, methods and the like included in the spirit of the
present invention can be easily derived from the spirit of
the invention described in the specification. Accordingly,
it should be considered that the present invention covers
equivalent structures thereof without departing from the
spirit and scope of the invention as defined in the follow-
ing claims. In addition, it is required to sufficiently refer
to the documents that have been already disclosed, so
as to fully understand the objects and effects of the
present invention.

[Reference Signs List]
[0075]

1 power receiving/supplying device
2 power-receiving coil mechanism
3 power-supplying coil mechanism
4 magnetic member

5 driving device

6 housing cup

7 charger

8 power-supplying module

9 power-receiving module

10 secondary battery

16 connection switcher

17 current path switching control unit
21 power-receiving coil

22 power-receiving resonator

31 power feeding coil

111 power-supplying coll
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112 power-supplying coil
131 oscillation controller
1312 oscillator

1221 coil piece

1222 coil piece

A predetermined region
B housing region

Claims

1.

A magnetic field formation device comprising:

a power supplying resonator including coil piec-
es generating a variable magnetic field; and

a power-supplying coil disposed to generate an
induced currentfor atleast one of the coil pieces,
coil ends of two or more of the coil pieces being
connected to each other.

The magnetic field formation device according to
claim 1, further comprising a connection switcher
which is provided between the coil pieces having the
coil ends connected to one another and is capable
of switching the coil ends of the coil pieces between
aforward connection state and a reverse connection
state.

The magnetic field formation device according to
claim 2, further comprising a switching controller
which controls the connection switcher to alternately
switch the coil ends between the forward connection
state and the reverse connection state.

A power-supplying device comprising the magnetic
field formation device according to any one of claims
1to 3.

A power-receiving device comprising a power-re-
ceiving mechanism which is configured to receive
power by a variable magnetic field generated at a
predetermined region by the magnetic field forma-
tion device of any one of claims 1 to 3.

A power receiving/supplying device comprising:

a power-supplying device including the magnet-
ic field formation device according to any one of
claims 1 to 3; and

a power-receiving device including a power-re-
ceiving mechanism which is configured to re-
ceive power by the variable magnetic field gen-
erated by the power-supplying device.

A mobile device comprising a power-receiving
mechanism which is configured to receive power by
a variable magnetic field generated at a predeter-
mined region by the magnetic field formation device
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of any one of claims 1 to 3.
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